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SUMMARY
Increased dryland salinity, waterlogging, nutrient and soil export and other forms of
degradation cause serious environmental problems in Australia. These water and soil
degradation issues also cause significant impacts on agricultural production and land,
infrastructure and natural resources.
Rapid Catchment Appraisal (RCA) aims to assess the condition of, and future risks to,
agricultural and natural resources within regional geographic catchments. The process also
attempts to identify the most suitable options to manage the risk.
The Oyster Harbour study area covers approximately 378,000 hectares to the north of the
town of the Albany. Its main features include:
x

Geology comprises marine sediments, on mid and lower slopes and swampy areas,
overlying the basement rocks. The Stirling Ranges, which form the northern boundary,
consist of metamorphosed sedimentary rocks.

x

The hydrology is influenced by two types of groundwater flows: local flow systems
which are responsive to land use changes with on-site issues of rising groundwater and
salinity, and intermediate systems which may experience shallow groundwater levels
and soil salinity.

x

There was no detectable change in water quality parameters for the Kalgan River from
2001 to 2003.

x

The soils consist of ironstone gravelly soils, waterlogged soils, deep sands and deep
sandy duplex soils.

x

The soils are susceptible to subsurface compaction, water repellence, subsurface
acidity and wind erosion.

x

Current salinity (2000) covers about 8,000 ha (2 per cent of the area).

x

The degradation risks are:
Susceptibility to subsurface soil compaction
Susceptibility to water repellence
Susceptibility to subsurface soil acidity
Susceptibility to wind erosion
Susceptibility to nutrient loss
Susceptibility to water erosion
Susceptibility to waterlogging
Susceptibility to salinity
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78 per cent of the area
71 per cent
69 per cent
68 per cent
42 per cent
31 per cent
16 per cent
7 per cent
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1. Introduction
This report describes the condition, resources and climate found in the Oyster Harbour study
area, including soils, geomorphology, groundwater and surface water hydrology, native
remnant vegetation and Kalgan River condition. The condition of these resources is
expanded to highlight the risks to agricultural, infrastructure and future natural resources.
The Oyster Harbour area is in the south of the Southern Agricultural Region. It lies directly
north of the regional centre of Albany and includes the Princess Royal and Oyster Harbours
and their tributaries (Figure 1), including the Kalgan River, King River and Napier Creek. It
covers the Plantagenet and Albany Shires and includes the major rural centre of Albany and
a portion of the town of Mt Barker.

Figure 1.

Oyster Harbour study area.

The study area covers a wide range of rainfall zones stretching from 950 mm on the coast to
450 mm just south of the Stirling Ranges. Soil systems are extremely varied with areas of
heavily dissected landscapes incorporating soils derived from granitic material in the south.
In the central and northern portions however there are large areas of tertiary sediments
overlaying granitic bedrock. These areas are often low lying stagnant flats and gently
undulating slopes and are most at risk of secondary salinity and waterlogging.
Soil degradation risks are extremely widespread with large areas of non-wetting soils, subsoil
acidity and compaction, especially in the sandplain portions of the study area. Nutrient loss
and secondary salinity are not as widespread, however they do have the potential to have a
significant impact on agricultural production and could impact heavily on Oyster Harbour and
its tributaries like the Kalgan River.
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The northern third is dominated by mixed cropping and sheep production with some
enterprises cropping up to 80 per cent of the farm. Canola, wheat and barley are common
with some summer crops. Sheep production for fat lambs is growing in popularity with woolproducing Merinos still common.
The central portions of the catchment are very varied with mainly sheep for wool and meat
with smaller areas of cattle production dominant. There is also a significant area of blue
gums in the area receiving more than 600 mm rainfall and some areas of viticulture around
the Porongurup Ranges.
In the south below the Porongurup Ranges the rainfall rapidly increases. Cattle and sheep
farming is dominant with large areas of blue gums. Some areas of intensive horticulture can
be found with strawberries, cherries, avocadoes and vegetables grown for both local and
export markets. Closer to Albany there is an increasing urban and peri-urban population
which has presented some difficult planning issues related to the protection of high value
agricultural land from urban expansion.
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2. Natural resource base
2.1 Climate
Jill Lisson, Albany
The climate of the Oyster Harbour area is temperate with cool wet winters and dry warm
summers.
2.1.1 Rainfall
Mean annual rainfall varies from 900 mm in the south-west to 500 mm in the north (Figure 2).
Some interpolated data from 30 years (1975-2005), from two weather stations has been
provided for Albany Airport in the south and Woogenellup in the central north of the
catchment (Figure 3).
At Albany Airport the average annual rainfall is 798 mm, with the driest year, 1983, receiving
612 mm, and the highest annual rainfall of 985 mm in 2005.
There is a 20 per cent chance that the area will receive rainfall above 908 mm (wet year) and
a 20 per cent chance of receiving rainfall below 675 mm (dry year). The area averages
118 mm during the wettest month of July and 24 mm in February. Seventy-four per cent of
rain falls during the growing season.
Yearly total rainfall for Albany Airport
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Figure 2.
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Annual rainfall showing proportion in growing season for Albany region.

At Woogenellup weather station the average annual rainfall is 503 mm, with the driest year,
1987, receiving 345 mm, and the highest annual rainfall of 764 mm in 2005.
There is a 20 per cent chance that the area will receive rainfall above 567 mm (wet year) and
a 20 per cent chance of receiving rainfall below 403 mm (dry year). The area averages
68 mm during the wettest month of July and 21 mm in January. Seventy per cent of rain falls
during the growing season.
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Yearly total rainfall for Woogenellup
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Figure 3.
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2.1.2 Temperature
The mean maximum temperature in summer at Albany Airport is 24.1°C. There are
occasional heat waves, during which the maximum temperature exceeds 40°C. The average
minimum temperature during summer is 13.5°C. The average temperature for winter is
16.2°C with an average minimum of 7.8°C. The highest recorded temperature between 1975
and 2005 was 45.3°C and the lowest recorded temperature for the same period was -0.2°C.
Average monthly temperatures
for Albany Airport
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Figure 4.
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Average monthly rainfall and evaporation (left), and average monthly temperatures for Albany
Airport (right). The temperature graph shows the highest recorded temperature, average
maximum daily temperature, average minimum daily temperature and lowest recorded
temperature (since 1975).

The mean maximum temperature in summer at Woogenellup is 25.7°C. There are occasional
heat waves, during which the maximum temperature exceeds 40°C. The average minimum
temperature during summer is 13.2°C. The average temperature for winter is 15.5°C with an
average minimum of 7°C. The highest recorded temperature between 1975 and 2005 was
44.5°C and the lowest recorded temperature was 0.5°C.
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Average monthly temperatures
for Woogenellup

Average monthly rainfall
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2.1.3 Wind
H ours of strong winds (greater than 29 kph) for the 15 years 1990 to 2005, have been
recorded by the Department’s climate station in Mt Barker (Figure 6 left). About one third of
these strong winds blow between March and June, when there is high risk of wind erosion.
The predominant direction of strong winds in the region is north-west (Figure 6 right).
Predominant direction of strong winds
(>29 km/h)
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Figure 6.

Wind data from regional recording stations (Department of Agriculture and Food, Western
Australia).
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2.2 Geology
Ruhi Ferdowsian, Senior Hydrologist, Albany
2.2.1 Physiography
The study area lies within the Albany-Fraser Orogen, a tectonic unit bordering the southern
margin of the Yilgarn Craton, and is covered almost entirely by the geophysical unit referred
to by Cope (1975) as the Ravensthorpe Ramp. The Ravensthorpe Ramp comprises
benches, separated by ridges that run east-west. The main drainage lines in these benches
had western to eastern flow. The rivers turn south after they cut into the ridges.
2.2.2 Basement rock
Precambrian basement rocks (>600 million years old) underlie the entire area. In the northwest they consist of Archaean granites and in the other areas of Proterozoic granite, gneiss
and migmatite from the Albany–Fraser Orogen (Morgan & Peers 1973). These rocks are
generally igneous and metamorphic. The north-west also has numerous dolerite dykes that
have a south-east to north-west direction.
Numerous shear zones and faults occur in the Archaean rocks. These features have dictated
the position of the creeks and affect surface and groundwater flows in the study area.
On many mid and lower slopes and in swampy areas, tertiary (marine- deposits) sediments
cover the basement rocks. These sediments in the south may be >100 m thick. Tertiary
sedimentary rocks are known as the ‘Werillup Formation’ with an overlying ‘Pallinup
Siltstone’. The Werillup Formation consists of a dark grey siltstone, sandstone, claystone and
lignite (brown coal) deposited in swampland environments (Cockbain 1968). The Pallinup
Siltstone consists of siltstone and sponge-like materials deposited in a marine environment.
The sea temperature during the Tertiary period is believed to have been warm with abundant
marine animals such as sponges. The sponges contained microscopic ‘needles’ of silica
called spicules and these became part of the sediments to form the soft and pale rocks
known as spongolite. Mt Barker and Woogenellup stones are typical. Sink-holes may be
found on some hillsides formed due to leaching of lime from marine sediments.
The Stirling Range forms the northern boundary of the study area. Its metamorphosed
sediments were originally deposited in a basin (deep trough in the sea) more than 1000
million years ago but were uplifted much later. This range has a rugged surface indicating its
latest uplifting was in recent geological periods.
2.2.3 Regolith
In hilly areas, the regolith (incoherent material that rests upon solid rock) is shallow (<10 m)
to moderately shallow (<20 m) and mostly composed of in-situ weathered material over
basement rocks. This weathered profile contains considerable salt (to 2,000 t/ha) and
consists of sandy clay that changes to gritty sandy clay. A thin layer of coarser material
usually exists just above basement rocks, through which most groundwater flows.
Regolith in the very gently undulating areas and flat landscapes is moderately deep
(10-30 m). In most of this area, the basement rocks or the in-situ weathered profiles are
covered by sediments of Tertiary age (Pallinup Siltstone). Regolith in the south is mainly
composed of Tertiary sediments. Thickness of this material may exceed 100 m. The
hydrology is strongly influenced by the broad and often stagnant flats and depressions that
are found mostly around the main drainage channels and in very gently undulating areas.
The regolith in these flats consists mainly of heavy clay that hinders the movement of
groundwater due to low hydraulic conductivity and low hydraulic gradient.
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2.3 Soil-landscape information
Sharon Hu, Soil Research Officer
2.3.1 Soil groups
Ironstone gravelly soils are the most common soil supergroup covering 28 per cent of the
study area, followed by deep sandy duplexes (20 per cent), deep sands (13 per cent) and
wet or waterlogged soils (12 per cent) shown in Table 1.
Table 1.

Soil supergroups
Soil supergroup

Area (ha)

Area (%)

Ironstone gravelly soils

105,000

28

Deep sandy duplexes

76,000

20

Deep sands

48,000

13

Wet or waterlogged soils

47,000

12

Shallow sandy duplexes

35,000

9

Rocky or stony soils

34,000

9

Other soil supergroups

33,000

9

378,000

100

Total

The most common soil groups (Schoknecht 2005) are duplex sandy gravel, grey deep sandy
duplex and pale deep sandy soil, which together represent 44 per cent of the study area
(Table 2). Soil groups are defined within soil supergroups and are used to identify the soil
component of the land resource datasets maintained by the Department of Agriculture and
Food. All other soils were found in less than 9 per cent.
Table 2.

Soil groups
Soil group

Area (ha)

Area (%)

Duplex sandy gravel

66,000

18

Grey deep sandy duplex

62,000

16

Pale deep sand

43,000

11

Grey shallow sandy duplex

30,000

8

Wet soil

26,000

7

Stony soil

22,000

6

Shallow gravel

20,000

5

Semi-wet soil

14,000

4

Deep sandy gravel

13,000

3

Bare rock

12,000

3

Yellow/brown deep sandy duplex

12,000

3

Grey shallow loamy duplex

7,000

2

Loamy gravel

7,000

2

44,000

12

378,000

100

Other soil groups
Total
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2.3.2 Soil-landscape zones and systems
Soil-landscapes are areas that consist of repeating patterns of landforms and slopes with
associated soils. The dominant soil-landscapes are the Edmond, Upper Kalgan, Stirling
Range and Chillinup Systems which cover 64 per cent of the area, and include 14
subsystems shown in Table 3. A soil-landscape map of the Oyster Harbour area is in
Appendix 3. Minor subsystems covering less then 5 per cent are described in Appendix 4.
Table 3.

Most common soil-landscape systems and subsystems
Redmond System

ReRD
(34,000 ha, 9%)

Broadly undulating plateau; scattered lakes and depressions. Yellow duplex soils and
laterite on plains.
Upper Kalgan System

UkTK
(31,000 ha, 8%)

Broadly undulating plateau with depressions and some sand dunes (hummocky).
Stirling Range System

St3
(29,000 ha, 8%)

Undulating rises and low hills of the Stirling Range foothills. Grey deep sandy duplex
with stony soil and shallow gravel.
Chillinup System

Ch
(27,000 ha, 7%)

Level to gently undulating sandplain with scattered small lakes and depressions. Some
lunettes and linear dunes. Lower slopes are often saline. Mallee-heath and yate and
banksia woodlands.
King System

KgDMc
(18,000 ha, 5%)

Sands and laterite on elongate crests; Jarrah-Albany Blackbutt-Marri forest.
Porongurup Range System

PrBAf
(18,000 ha, 5%)

Yellow duplex soils, sands, gravels; Jarrah-Marri-Yate forest.
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2.4 Hydrology
John Simons, Hydrologist
2.4.1 Groundwater flow systems
Groundwater processes causing salinity can be categorised according to their flow systems.
This is because the type of system (local, intermediate or regional) reflects the ease with
which salinisation can be managed. Local and intermediate groundwater flow systems exist
in the area.
Local groundwater systems

Local groundwater flow systems are those where recharge and discharge of groundwater are
in close proximity to each other – usually within 1-3 km (hillside scale). In these areas, the
hydraulic head surfaces (in most cases the same as groundwater levels) conform to local
topography. This kind of aquifer has a reasonable hydraulic gradient and is very responsive
to land use changes. Shortly after recharge is controlled, groundwater will drain away
allowing groundwater levels to drop. More than 40 per cent of the study area has local-scale
groundwater flow. Some of these areas have not been cleared for agriculture
(e.g. Porongurups). The dissected landscape north-west of the study area and along
dissected rivers has local-scale groundwater flow systems. In these areas, salinity and rising
groundwater are on-site issues. Therefore, management practices outside the influence of
these areas will have very little or no effect on the extent of their salinity.
There are other areas that behave like local-scale groundwater flow system but have
intermediate aquifers.
Intermediate groundwater flow systems

These extend 5-10 km and generally occur across several properties. Intermediate
groundwater flow systems have low hydraulic gradient and in some cases low hydraulic
conductivity. The low gradient results in little lateral groundwater flow out of the area.
Consequently lower parts may experience shallow groundwater levels and soil salinity. The
surface of the landscape may be gently undulating or flat. The gently undulating swampy
areas to the north-east and east of the study area, the flats to the south and north-east of
Porongurup and swampy landscapes along coastal areas have an intermediate groundwater
flow system. Groundwater levels in most flat landscapes will not decline rapidly after
recharge is controlled. However, treatments in gently undulating areas may result in an initial
rapid decline in groundwater levels. The rate will reduce after groundwater levels drop to a
certain level.
Other areas have an intermediate groundwater flow system but behave like a local-scale
aquifer. These include the dissected landscape in Tertiary sediments such as tributaries of
the King River, north of Albany. In these areas aquifers are large and flow beneath the
landscape. However many dissected creeklines have become discharge sites and are
windows to the groundwater. The short hillslopes between these creeks have attributes of
the landscapes with a local-scale groundwater flow system.
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2.4.2 Hydrological landscapes
Three types of hydrological landscapes exist in Kalgan Catchment:
2.4.2.1

Dissected landscape with low hills

More than 40 per cent is composed of dissected landscapes called Low Hills (LH; dissected
with 30-90 m relief). They are mainly along the main rivers and in the north-west. These
landscapes have moderate to gently undulating plains with well-defined creeklines. The
valleys are v-shaped and have erosional stream channels (Figure 7). Some valleys have
been infilled by alluvial sediments. Here the valley floors have changed to elongated narrow
flats with defined creeks cut into their floors. Except for Tertiary areas, hillsides have shallow
basement rocks that may surface. Numerous shear zones and faults occur. These features
have dictated the position of the creeks and affect surface and groundwater flows.

Figure 7.

Typical cross-section of a dissected landscape and low hills.

Groundwater flow systems in dissected landscape

Groundwater flow systems are local and roughly align with the direction of surface drainage.
In more dissected areas, aquifers have a higher gradient which allows groundwater to move
towards low-lying discharge areas such as creeks and valley floors. Shallow basement rocks
can partially obstruct flow and cause a few hillside seeps. Most discharge sites are in the
lower landscape and form the creekline seeps and valley floor salinity that impact on streams
and rivers.
Groundwater depth, quality and trends

Depth to groundwater ranges from 1 m to 8 m, depending on position and depth to basement
rocks. Groundwater quality depends on the landform, rainfall and distance from coastline.
The dissected landscape north of Albany has fresh groundwater. Quality deteriorates near
the very gently undulating landscape south of Porongurup. Groundwater in the Upper
Kalgan is very saline and electrical conductivity may exceed 2000 mS/m.
Short-term monitoring indicates that bores with small upslope catchments or close to natural
vegetation are possibly in hydrological equilibrium (Figure 8, bore RR1D 9o). These bores
have had a rising trend in very wet periods (e.g. 1990 to 1994). During dry periods they
acquire a falling trend (e.g. 1994 to 1996). Mid-slope bores have a steady rate of rise (Figure
9 bore Jk5i 2000). Groundwater levels here will acquire a downward trend after commercial
tree planting (e.g. Figure 10 BH7D). Areas in lower slopes and close to creeklines have
become discharge sites. Evaporation from salt-affected land prevents further rise.
Consequently groundwater levels fluctuate within the capillary ranges (<1.5 m) and acquire
strong seasonal variation.
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A downward trend from bore located downslope of native vegetation.
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Quality of surface runoff and base flow in the dissected landscape

The creeks in the dissected landscape south of Narrikup are mainly fresh. Flow-weighted
salinity and base-flow salinity increase away from the coastline. Electrical conductivity of
base-flow in the Upper Kalgan has been between 1,000 and 2,500 mS/m.
Risk of shallow watertables

The dissected areas have a low to moderate risk of shallow watertables. Creeklines, lowlying areas and some upland seepage zones are already saline and the extent will increase
until a new hydrological equilibrium is reached.
2.4.2.2

Moderately dissected undulating areas

This covers the flat landscapes south and north of Porongurups. Other similar areas include
the gently undulating areas north-west of the study area and near catchment divides. The
valleys and lower slopes are depositional zones and may be in the shape of stagnant flats
with or without a defined creekline. The regolith is usually deep, but a few rock outcrops may
be seen on hilltops and upper slopes. Figure 11 depicts a typical cross-section.
Groundwater flow systems in moderately dissected undulating areas

Groundwater flow systems along the slopes are local but may change to intermediate in the
valley floors. The aquifers are usually thicker than in the dissected landscape and have very
low hydraulic gradients.
Groundwater depth, quality and trends

Groundwater levels in the flats and valley floors are at or close to the soil surface and
fluctuate seasonally. The depth to groundwater increases on the hillside. Groundwater
salinities are similar or slightly higher than in the dissected landscapes. Groundwater moves
away very slowly, consequently large areas may experience shallow watertables. Even the
very gently undulating slopes and broad hilltops may experience shallow watertables.
Groundwater levels will acquire a downward trend after commercial trees are planted.

Figure 11. Typical cross-section of a moderately dissected undulating landscape.
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Risk of shallow watertables

Groundwater cannot drain easily because of the low (1-2 per cent) hydraulic gradient.
Consequently, levels will continue to rise for a long period until significant areas become saltaffected. Therefore, this zone has a high risk of shallow watertables. Creeklines, flats and
low-lying areas are where salinity may appear. It is likely that the extent will increase until a
new hydrological equilibrium is reached.
Very gently undulating areas with stagnant flats and swampy floors

This landscape is mainly found in north Porongurups and north-west of the study area
including south-west of the Stirling Ranges National Park. This is the dominant landscape in
stagnant flats with salt lakes and swamps (Figure 12). A few broad sand dunes may be
observed.

Figure 12. Sequential change of hydrological landscapes in very gently undulating areas with stagnant
flats and swampy floors.

Groundwater flow systems

Groundwater flow is mainly intermediate. These systems have very low groundwater
gradients. The low gradient results in very little lateral flow in or out. It is also the recipient of
some groundwater flow and larger volumes of surface runoff from the gently undulating
landscapes (Figure 12). The lakes and swamps have become windows to groundwater which
discharges through lake floors and changes them to salt lakes and saline swamps.
Groundwater depth, quality and trends

Groundwater is saline and close to the surface. Shallow groundwater is likely to be acidic.
Draining such groundwater may cause environmental damage. Groundwater levels are no
longer rising. Near discharge sites (saline flats, swamps and lakes), the depth to
groundwater is less than 2 m. In these areas, groundwater levels fluctuate in response to
rainfall and evaporation. Areas with deeper groundwater (2-5 m) rise 0.05-0.15 m/yr. The
rate increases with depth to groundwater and distance from discharge sites.
Risk of shallow watertables

High salt storage and shallow groundwater mean these zones have high risk of salinity. The
area has always had some salinity (in subsoil); however, expression has increased
considerably since clearing. Groundwater levels will continue to rise slowly until discharge
through evaporation equals recharge. Even with shallow groundwater, areas with a
moderately deep, sandy A horizon can continue to be productive because seasonal rainfall
flushes accumulated salt from the root zone.
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2.4.3 Technical feasibility of salinity management
Recharge is referred to that portion of annual rainfall that leaks below the root zones of
plants, and contributes to the groundwater. Recharge is not uniform across the landscape. It
is higher in deep soils with poor water-holding capacity (sands) and lower in soils of high
water-holding capacity (clays). Recharge rates are inversely related to the depth of root zone
of vegetation. Native vegetation which has deep roots has low rates of recharge, typically
0.01-10 mm/year in the low to medium rainfall areas (300-700 mm/year).
Recharge under annual crops and shallow-rooted pastures is very high. Figure 13 shows
approximate rate of recharge under typical agricultural practices in the western South Coast.
This information was generated using AgET software and adjusting the input so that the
results reflect groundwater level changes under typical agricultural practices.

Figure 13. Estimated recharge rate under crops and pastures in various rainfall zones.

The best management option for recovery or containment is deep-rooted perennials such as
lucerne and kikuyu to reduce recharge and lower groundwater levels. The effectiveness of
salinity control measures depends on hydrological attributes of the landscape.
Technical feasibility of salinity management in dissected landscape

As the groundwater gradient is high, groundwater moves towards discharge areas. Under
these conditions there is good chance of recovering some saline land and excellent technical
feasibility of containing salinity. Deep-rooted perennials such as kikuyu and lucerne that
mimic the temporal and spatial distribution of leaf area that existed prior to clearing can
effectively reduce land and water salinity. The choice between kikuyu and lucerne depends
on rainfall. Kikuyu performs well in wetter areas (south) but can grow in the lower rainfall
areas as well. Lucerne is suitable for dryer areas.
Technical feasibility of salinity management in moderately dissected undulating areas

In the moderately dissected areas, it is possible to contain salt-affected areas or even
recover some. The best management option is to grow deep-rooted perennials such as
kikuyu and lucerne. Although research has shown that lucerne is not as effective as in
dissected landscapes, it will still reverse (in hilly areas) or halt (in lower slopes) the rising
groundwater. Commercial plantations have a positive contribution and are good means for
controlling salinity in the higher rainfall zone. The target areas may be lower slopes and
foothills but not stagnant flats. Figure 14 shows commercial trees growing along lower slopes
in a moderately dissected landscape in the neighbouring catchment. These trees have
reduced the extent of salt-affected land in that area.
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Technical feasibility of salinity management in very gently undulating areas with stagnant flats
and swampy floors

In these areas, leakage of excess rainfall followed by evaporation from the soil surface,
causes levels of saline watertable to fluctuate. Groundwater may occasionally inundate the
root zone of plants. Under these conditions there is a low technical feasibility of recovering
saline land by growing perennials in stagnant flats. However, there is a moderate chance of
containing salinity by reducing recharge with perennials. One of the best perennials for
containing salinity is kikuyu. The water consumption of kikuyu is very impressive. Figure 15
shows that in high rainfall areas (800 mm/year), kikuyu dried the soil profile to nearly 4 m
below the surface. This provided large capacity to store excess recharge during wet periods
and made it available during the summer. Lucerne cannot tolerate waterlogging in stagnant
flats therefore kikuyu is likely to be a better option.

Figure 14. Commercial trees growing on lower slopes in a moderately dissected landscape have reduced
the extent of salt-affected land (650 mm rainfall zone).
Kikuyu - Drying Profile
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Figure 15. Impact of kikuyu on soil moisture using a neutron moisture probe.
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2.5 Waterways and wetlands
Dave Weaver, DAFWA and Steve Janicke, formerly DoE
Kalgan River condition

The Kalgan River stream gauging station, a short distance upstream of the Chester Pass
Road Bridge, has been in operation since 1976. Data collected during that time describe the
overall quantity and quality of surface water passing the station and entering Oyster Harbour.
Intuitively, these data represent the sum of influences from the catchment; however local
factors can be expected to cloud any inferences about what is happening in specific
upstream subcatchments.
Table 4 summarises the current status water quality (2001-2003) at the gauging station.
Table 4.

Water quality parameters for the Kalgan River
Parameter

Classification

Trend

Total nitrogen (mg/L)

0.72

Low

No detected trend

Total phosphorus (mg/L)

0.025

Moderate

No detected trend

pH

7.35

Neutral

No detected trend

Colour

61.5

Stained (tannin)

Insufficient data

Turbidity (NTU)

2.4

Low

No detected trend

Total suspended solids (mg/L)

2

Low

No detected trend

16

Mild

Unknown

Temperature
Dissolved oxygen (mg/L)
Total dissolved salts (salinity) mS/m
*

Median value

9.2
435

Oxygenated

No detected trend

Brackish

No detected trend

Information obtained from the Department of Environment.

Nutrients levels, as represented by the median values for total nitrogen and total phosphorus
samples, are of concern although rated low and moderate. Approximately 25 per cent of total
nitrogen and total phosphorus values collected were above and 0.1 mg/L respectively.
Persistent oxygen levels below a lower limit of around 6 mg/L may be of concern, however
only one value was recorded below this limit.
The riparian zone condition for the main trunk of the Kalgan River was surveyed by Luke Pen
in 1992. The findings are in a Waterways Commission report titled, The Condition of the
Kalgan River Foreshores 1992/93. Report No 52’.
In 1997 a number of subcatchments were assessed using the same method and the findings
are in a Water and Rivers Commission Survey of River Foreshores in the Oyster Harbour
Catchment 1997. The assessments covered the primary channel, but not all tributaries in
each subcatchment.
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2.6 Native vegetation
Jack Mercer, Albany
2.6.1 Vegetation communities
The Oyster Harbour Catchment lies within the South-West Botanical Province in the Menzies
Sub-District of the Darling Botanical District and part of Eyre in the north. Vegetation is
described over an area including the Kalgan River, the southern slopes of the Stirling Range
National Park and the Porongurup National Park. The Albany, Narrikup and East Kalgan
vegetation systems occupy most of the lower catchment. The Cape Riche, Qualup, Stirling
Range and part of the Kendenup systems occupy the north. Centrally located is the small but
significant Porongurup system.
The Albany system has large areas of leached, poorly drained soils supporting low forest of
Kondil (Allocasuarina fraseriana) on deep sands and Albany blackbutt (Eucalyptus staeri)
over laterite soils. A mallee type of jarrah (E. marginata) may have occupied mush of this
landscape north of Albany with jarrah and marri (Corymbia calophylla) occupying steeper
valley slopes.
The Narrikup system was characterised by almost continuous jarrah and marri before
clearing, with few lakes or swamps. Minor creeks feature flat-topped yate (E. occidentalis)
and river banks, namely the Hay, feature flooded gum (E. rudis) and yarri (E. patens).
Deeper, wetter sands may feature moit (E. decipiens) and swamp banksia (Banksia littoralis)
while dryer sands feature sand banksia (B. attenuata), holly-leaved banksia (B. ilicifolia) and
Christmas tree (Nuytsia floribunda). On significant granite hills, such as Mount Barker, jarrah
is mixed with yeid (E. cornuta) and bullich (E. megacarpa). Valley swamps and meandering
creeks often feature saltwater paperbark (Melaleuca cuticularis) and lemon honey myrtle
(M. densa).
The East Kalgan system features low jarrah forest in the north, jarrah and marri forest in the
west, jarrah and sheoak in the south and a transition to mallee heath in the east. Small lakes
and swamps feature flat-topped yate and paperbarks.
The Kendenup system is occupied mainly by low jarrah woodland with sporadic occurrences
of mallees such as Kalgan Plains mallee (E. pachyloma), hooked-leaved mallee
(E. uncinata), moit and some slender mallee (E. decurva). On lower slopes and valley floors,
southern wandoo (E. wandoo ssp. wandoo) and flat-topped yate associations occur.
The Stirling Range system, on the southern slopes, is largely jarrah mallee heath with
intermittent wandoo open woodland on lower slopes and drainage lines. Scrubby heath
occupies the higher steeper slopes. Gentler southern slopes feature mallee heath
characterised by tallerack (E. pleurocarpa).
The Porongurup Range has a specific system characterised by massive granite domes that
act as a watershed to support an encircling tall karri (E. diversicolor) forest. The pediments of
the range support a low to medium height forest of jarrah and marri. Sand over laterite on the
southern flanks supports mallee and heath featuring tallerack (E. pleurocarpa).
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2.6.2 Declared flora
Declared rare flora for the general area are Acacia westoniana, Banksia goodii, Lambertia
orbifolia and Sphenatoma drummondii.
Condition of vegetation and ongoing risks

The main factors implicated in vegetation decline are salinity and waterlogging, dieback fungi
and stock grazing. An increasingly plausible threat is a rainfall deficit due to climate change.
Other factors are rabbits and parrots of pest status. South of the Porongorups, waterlogging
is more of an issue than salinity but to the north, salinity is more serious.
Salinity has compromised some remaining vegetation, particularly on valley floors, flood pans
and waterways. Evidence of the impact can be observed with woodlands of wandoo,
flat-topped yate and mallee heath in the upper catchment displaying varying degrees of
crown decline and dead trees. Tributaries of the Kalgan, for instance, display changes where
salt-tolerant species persist in a simplified vegetation community. Woodland eucalypts and
freshwater paperbark (Melaleuca raphiophylla) have declined, often replaced by saltwater
paperbark (M. cuticularis) and barley grass understorey.
Stock grazing of unfenced remnants continues to be a problem where understorey is eaten
out, bark is stripped from trees and weed incursion follows. Groups of dying or dead trees
can be observed where stock camp regularly and compact the soil and deposit faeces.
Unprotected wandoo can be observed with chewed bark and no associated understorey.
Rainfall deficit due to climate change is likely to be a reality. Rainfall deficits are implicated in
tree decline, particularly in forests and woodlands. Wandoo crown decline has become a
serious problem in the wheatbelt with widespread defoliations and some deaths. There
appears to be a relationship between water stress, borer insect attack and subsequent
infection by aerial canker.
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2.7 Land use
Ronald Master, Development Officer, Albany
Rainfall within the study area changes dramatically from 400 mm in the north to 950 mm on
the southern coast. The long season and generally reliable rainfall make the north excellent
for cropping and sheep production, though grain quality can be affected by rainfall and moist
conditions during harvest, as well as waterlogging and erosion in wet seasons.
Production figures from the shires of Plantagenet and Albany can be seen in Tables 5 and 6.
They show that the lower rainfall areas are the dominant cropping areas with over 44,656 ha
under cereal and canola production within Plantagenet, much of which would be from the
study area while only 16,537 ha is within the Albany Shire, much of which would be east of
the study area on the Albany sandplain (ABS 2001).
Table 5.

Area of production Albany and Plantagenet LGA (ABS 2001)
Cereals
(tonnes)

LGA

Seed
potatoes
(tonnes)

Canola
(tonnes)

Grapes
(tonnes)

Wool
production
(kg)

Albany

34,225

9,321

4,062

262

1,710,379

Plantagenet

52,112

11,013

0

4,420

3,333,446

Table 6.

Production of agricultural commodities, Albany and Plantagenet LGA (ABS 2001)
Horticulture
(excluding
grapes)
(ha)

Sheep
and
lambs
(number)

Beef cattle
and
calves
(number)

Cereals
(ha)

Canola
(ha)

Seed
potatoes
(ha)

Albany

23,446

10,510

310

119

709

34

303,891

79,588

Plantagenet

32,937

11,719

0

244

1500

974

609,441

54,193

LGA

Vegetables
(ha)

Grapes
(ha)

Medium to high rainfall and long growing seasons make the central and southern portions of
the study area ideal for cattle production and intensification. Viticulture is the largest single
intensive land use and has shown sustained growth over the last few years, though this has
slowed substantially. It is mainly concentrated on the northern slopes of the Porongurup
ranges however smaller areas of vineyards have cropped up on the Kalgan River and on the
outskirts of Albany on suitable sloping sites.
Other intensive land uses like vegetable and strawberry production have been established
for some time and mainly supply local markets, with some produce making its way to Perth.
Other niche produce like avocadoes and essential oils are grown on a fairly small scale.
Other crops include cherries, some stone fruit and seed potatoes (Tables 5 and 6).
Blue gums have become a permanent part of the agricultural landscape in areas receiving
more than 600 mm with an estimated 145,000-150,000 ha in the Albany port area.
Expansion was very rapid in the 1990s however has slowed, due in some part to the
substantial increase in land values and competition for suitable land. The industry is still
seeking to expand and it is likely that more land will be planted to blue gums in the future,
especially with the push to establish further processing in the form of a lignor processing
plant that will produce fibre and plyboard.
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3. Catchment condition and future risk
3.1 Climate change impacts
David Beard, Senior Development Officer
In the Albany region comparison of average rainfall in the last 30 years with the previous 50
reveals that:
x

Average annual rainfall is declining in most locations, with a maximum reduction of 14
per cent at Albany Airport. However there are a few notable exceptions south and east
of the Stirling Ranges where average annual rainfall has actually increased.

x

April exhibited the greatest decline in average rainfall for any one month. In addition
October rainfall is down in many locations, implying a trend towards a later start to the
growing season, and a drier finish. Perversely, November rainfall has generally
increased, implying worsening conditions for harvest.

x

Changes in growing season (May to October) rainfall are generally consistent with the
annual pattern.

x

Changes in summer rainfall (December to February) vary across the region, with a
tendency for declining average rainfall in the south and west (e.g. Denmark Post Office
exhibited a 12.5 per cent decrease), and increasing summer rainfall in the eastern (e.g.
Kojaneerup exhibited a 24.4 per cent increase).

3.2 Soil degradation hazards
Sharon Hu, Soil Research Officer
The major soil degradation hazards in the Oyster Harbour area are subsurface soil
compaction, water repellence, subsurface soil acidity and wind erosion (see Table 7).
An assessment of land degradation hazards for land management units is shown in van Gool
et al. (2005). The areas are derived from occurrences of WA soil groups. This mapping has
been done at a coarse scale and the figures for the various soil degradation risks could be
either under- or over-estimated. For example, the risk of waterlogging is very likely higher
than stated in Table 7.
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Table 7.

Summary of degradation hazards

Subsurface soil
compaction
293,000 ha (78%)
at moderate to
high risk

Soils with a wide range of particle size, low organic matter and no secondary structure
are particularly at risk.
Risk factors are sandy duplex units and yellow and brown deep sands.
Main subsystems and/or phases affected are ReRD, St3, KgDMc and PrBAf.

Water repellence
268,000 ha (71%)
at moderate to
high risk

Pale deep sand, yellow and brown deep sand and poorly drained sandy duplex land
management units are susceptible to water repellence.
Main subsystems and/or phases affected are ReRD, St3, KgDMc and UkTK.

Subsurface soil
acidity
262,000 ha (69%)
at moderate to
high risk and
areas presently
acidic (1%)

This quality is only a general indicator because management, productivity and crop
rotation all affect the rate of acidification below normal cultivation (10-20 cm).
Risk factors are sandy, highly leached soils with low organic carbon content that have
little resistance (or buffering capacity) to pH change. Soil groups most at risk are the
sandy duplex soils and pale deep sands.
Main subsystems and/or phases affected are ReRD, KgDMc, PrBAf and UkTK.

Wind erosion
259,000 ha (68%)
at moderate to very
high risk

Wind erosion is largely a function of wind speed and duration, soil erodibility, ground
cover, aspect, soil moisture and nutrient availability. Strong winds are common and
cause erosion, particularly in dry years.
Most susceptible are the sandy duplex soils and pale deep sands and yellow and brown
sands, particularly on exposed crests and upper slopes.
Main subsystems and/or phases affected are ReRD, St3 and KgDMc.

Nutrient loss
(N & P)
158,000 ha (42%)
high to extreme risk

Susceptibility to nutrient export assesses the likelihood of nutrient runoff and its
contribution to eutrophication of surface water.
For nitrogen the risk of leaching and runoff is considered, but for phosphorus it is only
potential losses through runoff and the associated risk of particulate and dissolved P.
Susceptibility to risk is primarily a concern along the coastal zones such as the coastal
plain, characterised by sandy soils and intensive drainage, are particularly at risk.
Main subsystems and/or phases affected are St2, St3, ReRD, Ch1 and Ch3.
Note that the risk of phosphorus leaching is not considered in the nutrient risk data. This
is an important component of nutrient loss given the prevalence of low PRI soils (<7).

Water erosion
117,000 ha (31%)
at moderate to
extreme risk

Water erosion involves complex processes of runoff and soil detachment and is
influenced by rainfall erosivity, soil erodibility, slope angle, management practises and
the amount and type of groundcover.
Soils most at risk of water erosion are those with low permeability, due to
proportionately greater surface runoff. However, in WA there are also many sands
which are susceptible to water erosion as a result of their non-wetting condition,
particularly during rainfall immediately following the dry summer period.
Main subsystems and/or phases affected are St3, KgDMc and St2.

Surface soil
structure decline
79,000 ha (21%)
moderate to
high risk

Soil structure decline is caused primarily by excessive tillage. Soil texture, chemistry
(e.g. organic matter content, exchangeable sodium percentage, electrical conductivity,
clay mineralogy and calcium to magnesium ratio) and management are all important.
Soils at highest risk of decline are usually fine textured loamy and clayey soils, such as
the alkaline grey shallow loamy duplexes and the grey non-cracking clays.
Main subsystems and/or phases affected are PrBAf, St3, UkTK and St2.

Waterlogging
62,000 ha (16%)
moderate to very
high risk

Risk factors include soils with poorly permeable subsoils that develop perched
watertables during winter. Another risk factor is the sensitivity of many crops to
waterlogging which can cause a large loss of production.
Soils most at risk are poorly drained sandy duplex and grey/greyish brown loams and
clays (particularly on lower slopes), wet soils and salt-affected lands.
Main subsystems and/or phases affected are St4, ReRD and ReBO.

Salinity risk
25,000 ha (7%)
moderate to high
risk and presently
saline (2%)

The primary cause of secondary salinity has been the clearing of perennial native
vegetation and its replacement with annual pasture and crops. This has caused the
groundwater to rise and subsequent mobilisation of ancient salt deposits stored within
the soil profile. Secondary salinity is most prominent on valley floors.
Main subsystems and/or phases affected are ReBO, KeMW and Ch1.
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3.2.1 Acid sulfate soils
Adam Lillicrap, Hydrologist, Albany
Acid sulfate soils (ASS) contain sulfide minerals, predominantly iron pyrite, and are formed
by bacteria under waterlogged conditions. They are generally found in low lying areas near
the sea, such as coastal wetlands and estuaries, and wetlands that maintain their water and
obtain sulfate from groundwater flow or coastal saline lakes. The soil-landscape systems that
have the highest probability of ASS are the Owingup Subsystem, Gore System with its
coastal plains with saline lakes, and the Tooregullup Subsystem with level plain and
occasional swamps.
Undisturbed, these soils are harmless, but when they are exposed to air through practices
such as drainage, soaks, groundwater extraction, and by stock pugging the soil, the sulfides
oxidise to form sulfuric acid. Soils with high levels of carbonate are better able to neutralise
the acidity compared to sands which have a low acid neutralising capacity.
The potential impacts on agriculture caused by the exposure of ASS include production
losses and animal health issues. Under acidic conditions nutrients become less available to
plants and potentially toxic substances, such as aluminium and iron, become more available.
Stock may also consume toxic substances through pasture or drinking acidic water.
Disturbed ASS may also corrode concrete, iron, steel and certain aluminium alloys which
results in damage to infrastructure. Impacts on the environment include fish kills, fish
disease, loss of macro invertebrates, reduced growth of molluscs such as oysters, loss of
habitat, and dominance of acid-tolerant water plants.
Management options

The best way to manage acid sulfate soils is to avoid disturbing or draining them because
they are harmless when covered by water. If soils have been exposed, agricultural lime can
be used to increase the pH of affected soils. If the soils have been exposed through
drainage, the soils could be recovered with water. This practice requires careful design to
avoid waterlogging and other problems. If drainage is to be installed, wide shallow drains
that allow surface water to drain away while not exposing pyrites should be used rather than
deep drains.
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4. Management options and impacts
4.1 Land management
Sharon Hu, Soil Research Officer
Table 8 summarises best practice land management options suitable for the Oyster Harbour
area to manage the common natural resource management risks.
Table 8.

Options for managing common NRM risks

Natural resource risk

Water repellence

Principal management options
x

claying (100 t/ha), furrow sowing and use of wetting agents.

x

The effectiveness of claying is dependent on using the right type of clay and the
economic benefit is dependent on finding a suitable source close by.

x

Note that regular passes to incorporate the clay may cause soil compaction.

x

The principal management option is liming. Add dry lime at rates in excess of
1.5 t/ha either by surface spreading (or preferably placed into acid layer at about
10-20 cm) to improve soil pH and displace aluminium.

x

Liming will be necessary to achieve crop and pasture production potential and
assist in the establishment of perennial pastures.

x

Minimum tillage (and/or direct drilling on the heavier soils in the catchment soils)
is encouraged.

x

Where the topsoil is sodic (i.e. exchangeable sodium percentage is greater than
14%), susceptible soils can be ameliorated through topdressing with gypsum
together with practices to increase the organic carbon content of the soil, such as
stubble retention.

x

Green manuring of a high legume pasture or crop such as lentils or peas may
improve organic matter content and soil structure and aid in improving yields.

x

Activities that result in rapid loss of organic matter, deep tillage of the soil, long
fallowing in a crop rotation and stubble burning among others, should be avoided.

x

Critical to maintain ground cover at adequate levels. On soils at risk, practice
stubble retention or aim to maintain >30% ground cover to control risk.

x

Minimum tillage and stubble retention, or revegetation with trees (various species
available) for shelterbelts or alley farming together with management of summer
grazing on risk soils (including de-stocking during dry seasonal conditions).

x

Planting of susceptible sites to long season annuals (serradellas) or preferably
deep-rooted perennial pastures like kikuyu, Rhodes or veldt grass

x

Land that is prone to waterlogging for 6-10 weeks in an average season cropping
with oats, barley and wheat is the best option, though earthworks would be
required to achieve reasonable yields.

x

Plant waterlogging tolerant perennial pastures such as kikuyu, tall fescue and
phalaris or annual pastures like balansa and Persian clovers where waterlogging
is persistent in an average season for >10 weeks. In saline waterlogged
conditions, fence areas off (where practical), and establish tall wheatgrass and
puccinellia.

x

Engineering options: Raised beds and shallow relief drains such as W-banks
and spoon drains should be used in areas with <0.2% slope. Alternatively use
contour and interceptor banks to divert surface and subsurface flows away from
susceptible areas.

Sub surface acidity

Soil compaction

Wind erosion

Waterlogging
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4.2 Water management
4.2.1 Nutrient management
Dave Weaver, Albany
Nutrients such as phosphorus (P) and nitrogen (N) lost from agricultural land to waterways
pose a threat to water quality in rivers and estuaries. These threats are realised in the form of
algal blooms of varying severity and types, including toxic blue-green algae and macro algae.
Toxic blue-green algal blooms have occurred previously in the Kalgan River in the
Woogenellup area, and macro algal blooms have led to a decrease in seagrass biomass of
80 per cent in Oyster Harbour over the last 40 years. Toxic algal blooms also threaten
livestock as well as the ecology of local waterways through de-oxygenation of the water
column, and the subsequent death of aquatic fauna.
4.2.1.1 Best management practices and their impact

Five conventional water quality management actions have been identified through a review
as applicable to the study area. Their cost and nutrient reduction benefits (Table 9) were
evaluated in scenarios of different combinations and levels of implementation. The best
management practices (BMP) were vegetated stream buffers (VSB), perennial pasture,
minimum tillage, effective fertiliser use and stock control/water management. In addition to
these five, soil amendment with clay materials may offer some nutrient control benefits as
shown in other catchments through the use of clay-like mining wastes (Weaver et al. 2005).
Vegetated stream buffers are applicable to any land use and represent a physical barrier
through which filtering of surface runoff, sediment and nutrients can occur. This would
include revegetation and fencing to exclude stock. Its effectiveness to improve water quality
can vary (McKergow et al. 2003).
There are already significant areas of kikuyu-based perennial pastures systems in the high
rainfall portions. These and other perennial-based pasture systems are highly suited to the
soils and climate.
Minimum tillage is applicable mainly to cropping. It involves minimum soil disturbance during
tillage, with herbicides used for weed control. It is mainly used in the upper study areas
where the vast majority of cropping is practised.
Effective fertiliser use is to ensure both the lowest and the most effective use of fertilisers in
farming. It includes soil and tissue testing prior to application to identify nutrient specific
deficiencies, and selection the most appropriate fertiliser, rates, and timing. Previous
research has identified that most fertiliser applications were made independently of soil test
results (Weaver & Reed 1998) and a significant number of farms could have forgone fertiliser
application for at least one year.
Stock control/water management is the practice of keeping stock and vehicles out of streams
to avoid erosion and pollution. Because different stream orders will require different works,
costs and benefits were evaluated for first, second, and third or above stream orders.
Soil amendment is particularly applicable to sandy surfaced soils that have little capacity to
retain nutrients, and involves the surface spreading of clay-like materials with high iron and
aluminium content. These materials are capable of retaining nutrients such as phosphorus
applied in fertilisers.
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Table 9 provides figures for the level of N and P reduction, capital costs of BMP
implementation and a net cost or benefit per year averaged over 10 years for each BMP
assessed. These costs were used to estimate capital costs and expected ongoing or
maintenance costs. When combined with expected productivity benefits, they allow an
estimate of net on-going costs or benefits. This is important where high initial capital costs
are offset over time with a benefit from productivity increases (Weaver et al. 2005).
Table 9.

Percentage reductions of N and P and capital and net on-going costs or (benefits)

BMP

Reduction

Capital cost of BMP
implementation

1

Net cost or (benefit)
yr-1

%N

%P

1 order streams

40

5

$6,110 km

$475 km

2nd order streams

40

5

$5,030 km-1

$225 km-1

3rd order+ streams

40

5

$3,975 km-1

$175 km-1

Perennials

20

30

$135 ha

Minimum tillage

5

10

$265 ha

Effective fertiliser use

5

15

1 order streams

10

5

$750 km

$50 km

2nd order streams

10

5

$1,250 km-1

$50 km-1

3 order+ streams

10

5

$2000 km

Dairy

75

75

$75 source

Piggery

75

75

$100 source

VSB

st

Effluent
control

Stock
control

st

rd

Alkaloam soil amendment
1

-1

-1

($60) ha

-1

($3) ha

-1

$10.00 ha-1
-1

-1

$70-280 ha

-1

($9.40) ha-1
-1

-1

30-60

-1

-1

$50 km
-1

($3) source

-1

-1

($3) source

-1

-1

($40) ha

Benefits are shown in parenthesis. Net benefits or costs are an annual value excluding capital costs.

4.2.1.2

Impact of modelled treatments

The results in Tables 10-13 were derived from modelling undertaken in selected
subcatchments. A range was selected that include Woogenellup which has a rainfall of
450-500 mm and is mainly broadacre cropping and grazing; the north-east Porongurups; and
east Mt Barrow, both of which are high rainfall grazing-dominated catchments. All BMPs
were assessed at two nominal levels – LOW and HIGH – representing relative upper and
lower levels of expected implementations. Tables 10 and 11 detail the amounts of
phosphorus and nitrogen reduction in kilograms expected at Oyster Harbour from
implementing the listed BMPs. Tables 12 and 13 detail the amounts of phosphorus and
nitrogen reduction in kilograms expected at the outlets of the subcatchments.
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Table 10.

Modelled BMP phosphorus reduction at inlet by selected subcatchment
Strategic subcatchment

Woogenellup

North East
Porongurups

East Mt
Barrow

Boorawarrup
Creek

Woogenellup

North

Upper
Takelarup

East
Mt BarrowKnights

Riparian buffers – ALL LOW (+20%)

0.9

5.6

0.2

2.3

2.4

Riparian buffers – All HIGH (+50-60%)

2.7

16.1

0.7

6.6

7.0

11.4

89.8

4.0

37.0

40.4

Perennial pastures – LOW (+20%)

3.8

29.9

1.3

12.3

13.5

Effective fertiliser use (applicable LUs & point
sources) – LOW (+20%)

2.3

16.5

0.7

6.4

6.7

Effective fertiliser use (applicable LUs & point
sources) – HIGH (+50%)

5.9

43.5

1.9

17.8

18.8

Minimum tillage – to MAX (+15%)

0.1

0.5

0.0

0.1

0.0

Stock control/water management ALL – LOW
(+20%)

1.9

15.0

0.7

6.2

6.7

Stock control/water management ALL – HIGH
(+60%)

5.7

44.9

2.0

18.5

20.2

BMP phosphorus reduction [INLET]

Perennial pastures – HIGH (30/40/50%)

Table 11.

Modelled BMP nitrogen reduction at inlet by selected subcatchment
Strategic subcatchment

Woogenellup

North East
Porongurups

East Mt
Barrow

North

Upper
Takelarup

East
Mt BarrowKnights

Woogenellup

Boorawarrup
Creek
40.1

230.2

10.4

95.9

100.5

114.0

666.0

27.3

279.5

296.0

Perennial pastures – HIGH (30/40/50%)

38.6

309.2

13.7

129.8

139.8

Perennial pastures – LOW (+20%)

BMP nitrogen reduction [INLET]

Riparian buffers – ALL LOW (+20%)
Riparian buffers – All HIGH (+50-60%)

12.9

103.1

4.6

43.3

46.6

Effective fertiliser use (applicable LUs & point
sources) – LOW (+20%)

3.8

28.5

1.2

11.2

11.7

Effective fertiliser use (applicable LUs & point
sources) – HIGH (+50%)

10.1

76.8

3.3

32.3

33.4

0.3

1.4

0.0

0.2

0.0

Stock control/water management ALL – LOW
(+20%)

19.3

154.6

6.9

64.9

69.9

Stock control/water management ALL – HIGH
(+60%)

57.9

463.8

20.6

194.7

209.7

Minimum tillage – to MAX (+15%)
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Table 12.

Modelled BMP phosphorus reduction at subcatchment scale by selected subcatchment

Strategic subcatchment

Woogenellup

North East
Porongurups

East
Mt
Barrow

Modelled % reduction
in P export from
subcatchment due to
management practice

Upper
Takelarup

East Mt BarrowKnights

Woogenellup

North East
Porongurups

East Mt Barrow

4

19

43

1.0

1.0

1.0

Riparian buffers – All HIGH (+5060%)

46

137

11

55

127

2.9

2.8

2.9

196

766

69

311

731

15.1

16.4

17.0

Perennial pastures – HIGH
(30/40/50%)

North

47

Woogenellup

16

Boorawarrup
Creek

Riparian buffers – ALL LOW (+20%)

BMP phosphorus reduction
[SUBCATCHMENT]

Perennial pastures – LOW (+20%)

65

255

23

104

244

5.0

5.5

5.7

Effective fertiliser use (applicable LUs
& point sources) – LOW (+20%)

39

141

12

54

122

2.8

2.8

2.8

Effective fertiliser use (applicable LUs
& point sources) – HIGH (+50%)

102

371

33

149

339

7.4

7.8

7.9

Minimum Tillage – to MAX (+15%)

2

4

0

1

0

0.1

0.0

0.0

Stock control/water management ALL
– LOW (+20%)

33

128

11

52

122

2.5

2.7

2.8

Stock control/water management ALL
– HIGH (+60%)

98

383

34

156

365

7.6

8.2

8.5

Modelled level of impact of some BMPs at both a subcatchment and catchment scale is
dependent on the nutrient considered. For instance, perennial pastures have the largest
impact on phosphorus loss at both a subcatchment and whole of catchment scale. The
impact on nitrogen however is however most definitely less than that of riparian buffers.
The apparent modelled impact of the riparian buffers depends on a couple of assumptions. It
is assumed that by revegetating the creeks you are increasing the assimilative capacity of
the waterway itself through both slowing the water column and creating localised anaerobic
conditions associated with the breakdown of organic matter, which leads to an increased
demand for nitrogen and increased gaseous losses.

31

OYSTER HARBOUR RCA

Table 13.

Modelled BMP nitrogen reduction at subcatchment by selected subcatchment

Strategic subcatchment

Woogenellup

North East
Porongurups

East
Mt
Barrow

Modelled %
reduction in N export
from subcatchment
due to management
practice

Boorawarrup
Creek

Woogenellup

North

Upper
Takelarup

East Mt BarrowKnights

Woogenellup

North East
Porongurups

East Mt Barrow

688

1,964

178

806

1,817

8.0

8.0

8.0

1,958

5,681

469

2,349

5,350

23.0

22.9

23.6

Perennial pastures – HIGH
(30/40/50%)

663

2,637

235

1091

2,527

10.0

10.8

11.1

Perennial pastures – LOW (+20%)

BMP N reduction [SUBCATCHMENT]

Riparian buffers – ALL LOW (+20%)
Riparian buffers – All HIGH (+50-60%)

221

879

78

364

842

3.3

3.6

3.7

Effective fertiliser use (applicable LUs &
point sources) – LOW (+20%)

66

243

20

94

211

0.9

0.9

0.9

Effective fertiliser use (applicable LUs &
point sources) – HIGH (+50%)

173

655

57

272

604

2.5

2.7

2.7

5

12

0

2

0

0.1

0.0

0.0

Stock control/water management ALL –
LOW (+20%)

331

1,319

118

545

1,264

5.0

5.4

5.6

Stock control/water management ALL –
HIGH (+60%)

994

3,956

353

1,636

3,791

14.9

16.2

16.7

Minimum tillage – to MAX (+15%)

The level of impact of any one treatment is likely to have vastly varying levels of impact on N
and P loss, however to achieve any meaningful impact the adoption of a range of BMPs is
going to be necessary. Even with the maximum level of adoption, the highest modelled
reduction possible in the Woogenellup subcatchment would be 33.1 per cent for P and
50.5 per cent for N. These figures are estimates; however it demonstrates the difficulty
associated with reducing the loss of P and N. It is not necessary to reduce the losses to zero
due to the environment’s assimilative capacity. Also it is interesting to note that for P losses
at a subcatchment level, 22.5 per cent of the modelled 33.1 per cent reduction can be
attributed to the adoption of perennial pastures and soil fertility management (at a high level),
both of which are shown in Table 13 to have a positive economic return to the landholder
estimated at $69.40, whereas the adoption of riparian revegetation is likely to have an
estimated net cost between $175 and $475/km.
4.2.2 Surface water management
Austin Rogerson, Albany
4.2.2.1 Engineering options

Many land management options can be used for surface water before it contributes to
erosion, eutrophication, sedimentation, waterlogging, flooding and salinity. The preferred
approach is to reduce the speed and amount of surface water through land management and
soil improvement, then manage the excess surface water (runoff) into dams or direct excess
water away from recharge areas.
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4.2.2.2 Conservation land management options

Conservation options seek to use excess water to minimise runoff, improve flat land
drainage, reduce excess water and waterlogging and protect against erosion by covering the
soil with vegetation and reducing the speed (velocity) of surface water runoff.
Four major land management options may be used by individual farmers to reduce
degradation risks, increase production and sustainability:
x

Vegetative cover to use the water (transpiration) protect the soil from raindrop impact
and surface water runoff, and to slow down surface water flow (e.g. perennial
vegetation)

x

Working land along the contour to contain surface water in the furrows

x

Adopting minimum- or no-tillage cropping techniques to reduce damage to soil
structure

x

Appropriate designed conservation earthworks including permanently grassed
waterways to slow water velocity whilst providing maximum drainage of all areas.

Where the slope and soil characteristics encourage water to run off the land (shedding
landscape), earthworks can reduce the velocity and volume (peak flow) of surface water
flows by diverting or retaining. Conservation earthworks in the shedding landscape minimise
the risk of soil erosion and associated loss of nutrients, provide water resources and help to
manage the excess water entering lower slope areas.
Where there is little slope, water flows from a shedding landscape and accumulates in the
low-lying areas (receiving landscape). The receiving landscape is therefore prone to
waterlogging, ponding and flooding. Excess water in receiving landscapes is a major
contributor to groundwater recharge and the development of salinity and waterlogging.
Earthworks in receiving parts of the landscape are designed to improve flat land drainage by
moving surface and shallow subsurface water away, at a safe velocity, to defined waterways.
Low relief (<1%) areas occur in the upper (peneplains) and lower (stagnant flats) portions of
the landscape throughout the catchment. Much of the natural surface water drainage is
limited, as it was prior to clearing. Peneplains shed only a small proportion of the surface
water that has fallen as in situ rainfall. Stagnant flats, in the receiving environment, tend to
collect water as in situ rainfall and as runoff from other parts of the landscape. Earthworks
considered for these low-relief areas are those typical of a receiving environment. The
remainder of the catchment consists of a variably dissected landscape and earthworks would
be designed accordingly.
4.2.2.3 Surface water earthwork options

Surface water earthworks reduce the velocity and volume (peak flow) from runoff by diverting
or retaining.
Earthworks require careful planning because inappropriate and poor designs can cause
more degradation than what the structure was intended to alleviate. Suitably qualified people
need to be consulted for the legal aspects, design and construction of earthworks. The
following points need to be addressed in surface water earthwork planning:
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x

Land assessment – Information on soil condition, vegetation cover, catchment area,
annual average rainfall and slope is used to calculate maximum flows, safe grades and
safe velocity.

x

Annual Recurrence Interval (ARI) is the frequency an earthwork is designed to fill or
safely fail. Important earthworks, such as dams, waterways and absorption banks are
designed for at least a 20-year ARI. The minimum design of most drains and banks is a
10-year ARI (Bligh 1989).

x

Legal aspects – Legal aspects must be considered before earthworks are constructed.
Diversion of flows, increasing flow velocities or increasing quantity of flow, could
damage neighbouring properties for which the drainage proponent may be responsible
(Keen 1998). Catchment planning and discussing planned works with potentially
affected neighbours is recommended.

After defining the problem and carrying out land assessment, the type and design of
earthwork to construct is selected. The design criterion for earthworks commonly used in
Western Australia is listed in Table 14. Earthworks alone cannot halt the rising watertable
and need to be used with other conservation farming strategies.
Table 14.

Design criterion for common surface water earthworks used in WA

Earthwork design

Land slope (%)

Soil type

Grade bank

Up to 10

SD / L

Seepage interception bank

Up to 6

SD / DD / S

Grade (%)
0.2-0.5

Landscape position
Upper & Mid-slope
Lower & Mid-slope

Broad based banks

2-6

SD / L

0.15-0.3

Upper, Mid & lower slope

Shallow relief drains

Up to 0.2

C / SD

Up to 0.2

Valley floor

Levee waterways

Up to 10

C / S / DD / SD

Up to 10

Valley floors and hill slope

Dams

Up to 10

C / SD / DD / L

Up to 10

Not in valley watercourse

Key to soil groups
C – Clay
S – Sand

G – Gravel
SD – Shallow Duplex

L – Loam
DD – Deep Duplex

The Oyster Harbour area has two dominant slope classes, 0-1 per cent and 2-3 per cent with
the latter being the largest (Table 15). This indicates that a broad range of earthworks could
be suitable, in particular contour banks and broad-based banks (Table 14 and Figure 16). W
drains and other earthworks designed for receiving landscapes would also be suitable in
areas with <1 per cent slope which could be significantly impacted upon by waterlogging and
inundation.
Table 15.

Slope classification (Land Monitor 2001)

Catchment

Class 0-1%
(ha)

Class 2-3%
(ha)

Class 4-5%
(ha)

Class 6-10%
(ha)

Class >10%
(ha)

Oyster Harbour

118,106

127,584

58,764

47,868

25,610
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Figure 16. Landscape cross-section indicating position of different earthworks.
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5. CONCLUSION
The population of the Albany Shire which encompasses a large proportion of the study area
has shown a gradual increase in the period 2001-2006 of 1.3 per cent (ABS 2007). This
seems to buck the trend in decreasing rural populations evident in many smaller centres (like
Jerramungup which had a drop of 2.4 per cent for the same period); however most people
live within and around the town of Albany. Issues of rural decline associated with decreasing
farm numbers and increasing farm size are still evident in the Oyster Harbour area and would
be masked by the large rural centre of Albany.
Soil degradation in the form of compaction, soil acidity and water repellence are undoubtedly
the most widespread issues affecting agricultural production. Salinity, soil and nutrient loss
are however having the greatest impact on important assets outside the study area like the
Kalgan River and Oyster Harbour and are a cause of concern to landholders due to the
potential impact on their long-term sustainability. This was especially evident after the April
2005 flood event which dropped over 150 mm across the catchment. Erosion was most
severe in areas lacking appropriate earthworks and sufficient groundcover.
This report strives to outline the main degradation risk threatening the study area and some
broad measures to mitigate these. Landholders have made substantial commitments towards
addressing these issues in the medium to long term.
In partnership with State and Federal Governments and the South Coast NRM Inc., a large
project has been initiated that is implementing a range of works including 3,900 ha of
perennial pastures, 35 km of earthworks, 42 stock crossings, 239 km of biodiversity and
riparian fencing and 84 ha of riparian and biodiversity revegetation, 2,820 ha of liming. All
these works are being implemented on a cost sharing basis to try and mitigate some of the
issues being faced by landholders and form part of a long-term vision for Oyster Harbour
catchment.
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Appendix 1. Map of Ironstone gravelly soils supergroup in the Oyster Harbour Catchment
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Appendix 2. Map of Sandy duplexes supergroup in the Oyster Harbour Catchment
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Appendix 3. Map of soil-landscapes in the Oyster Harbour Catchment
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Appendix 4. Minor soil-landscape subsystems description
Redmond System
ReDMc
(8,500 ha, 2%)

Sands and laterite on elongate crests; jarrah-Albany blackbutt-marri forest.

ReBO
(8,000 ha, 2%)

Broad, shallow poorly drained depressions in plateau surface; complex of swamps,
lakes, low lateritic rises, lunettes and hummocks. Yellow solonetzic soils in swamps,
podzols in sands.

ReTK
(7,500 ha, 2%)

Broadly undulating plateau; lakes; depressions; hummocks; scattered siltstone.
Gravelly yellow duplex soils on plains, yellow solonetzic soils in depressions, podzols in
sands of hummocks.

ReS6
(3,000 ha, 1%)

Narrow V-shaped valleys, in sedimentary rocks; <10 m relief. Sandy yellow duplex
soils on slopes; jarrah-marri low forest. Deep sands on narrow swampy floor; sedges
and reeds.

RePN
(400 ha, <1%)

Hills of granite with a fringe of sedimentary rocks; <60m relief; rounded crests and
smooth gentle slopes; some granite. Gravelly yellow duplex soils, sands and laterite;
jarrah-marri-yate low forest.

ReTR
(300 ha, <1%)

Flat topped hills; <40 m relief; gently sloping flanks. Gravelly yellow duplex soils and
laterite on crests: jarrah-marri forest. Leached sands with iron pan on flanks; jarrahsheoak woodland.

ReMO
(130 ha, <1%)

Lunettes, dunes, hummocks, and intervening swamps. Podzols in sands; banksiasheoak woodland. Yellow solonetzic soils in swamps; hakea scrub, swamp yate
thickets.
Stirling Range System

St2
(12,000 ha, 3%)

Undulating hills and upper slopes below the peaks of the Stirling Range. Stony soil is
dominant with duplex sandy gravel and shallow gravel.

St6
(6,000 ha, 2%)

Lower valley slopes with well defined drainage lines originating from the Stirling Range.
Shallow gravel with pale deep sand, brown loamy earth and semi-wet soil.

St1
(4,000 ha, 1%)

Crests, peaks and upper slopes of the Stirling Ranges, soils formed in weathered
sandstone and shale.
Chillinup System

Ch1
(17,000 ha, 4%)

Level sandy and gravelly sandplain with swamps and several small closed depressions.
Waterlogging is prominent over this landscape.

Ch2
(10,000 ha, 3%)

Level to gently undulating plain with occasional low rises. Often represents swale areas
between linear dune systems (Ch3) that are deposited across the Chillinup sandplain.
Some swamps, closed depressions and sand pockets.

Ch5
(8,000 ha, 2%)

Gentle gravelly rises with some areas of deep sand sheet deposits.

Ch3
(6,000 ha, 2%)

Deep sand sheets, and long linear (or sief) dunes deposited across the landscape.
Some inter-dune swale and swamp included.

Ch4
(4,000 ha, 1%)

Salt lakes and associated lunettes.

Ch6
(3,500 ha, 1%)

Large lunettes associated with Chillinup 4.

ChBO
(2,500 ha, 1%)

Broad, shallow poorly drained depressions in plateau surface; complex of swamps,
lakes, low lateritic rises, lunettes and hummocks. Yellow solonetzic soils in swamps,
podzols in sands.

Ch2g
(840 ha, <1%)

Poorly drained, level low lying landscape with large areas represented by shallow crabhole gilgai. Soils are dominantly hardsetting soils and cracking clays. Appears to be
internally drained.
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Appendix 4 continued …
King System
KgS7h
(11,000 ha, 3%)

Broad valleys in sedimentary rocks; 30 m relief; smooth slopes. Deep sands and iron
podzols on slopes; Albany blackbutt-jarrah-sheoak woodland. Podzols and yellow
duplex soils on floors; paperbark woodland, teatree heath.

KgV7h
(7,000 ha, 2%)

Broad valleys in sedimentary rocks; 30 m relief; smooth slopes. Deep sands and iron
podzols on slopes; Albany blackbutt-jarrah-sheoak woodland. Podzols and yellow
duplex soils on floors; paperbark woodland, Teatree heath.

KgS7f
(5,000 ha, 1%)

Footslopes and swampy valley floors of minor valleys.

KgS6
(2,000 ha, <1%)

Narrow V-shaped valleys, in sedimentary rocks; <10 m relief. Sandy yellow duplex soils
on slopes; jarrah-marri low forest. Deep sands on narrow swampy floor; sedges reeds.

KgV8t
(1,500 ha, <1%)

Terraces.

KgV8h
(1,000 ha, <1%)

Broad, shallow, gently sloping valleys and alcoves. Deep sands and gravelly sands on
slopes; jarrah-sheoak low forest. Humus podzols on floors; kangaroo grass sedgeland,
paperbark woodland.

KgDMs
(1,000 ha, <1%)

Sands and gravels on smooth slopes; Albany blackbutt-sheoak low forest.

KgV7t
(820 ha, <1%)

Terraces.

KgFE
(73 ha, <1%)

Gently undulating sandy terrain. Sandy or gravelly yellow duplex soils on rises; jarrahbullich woodland. Humus podzols in broad depressions; kangaroo grass sedgeland;
teatree heath.
Porongurup Range System

PrYE
(10,000 ha, 3%)

Gently sloping terrain fringing higher hills and ridges. Gravelly yellow duplex soils:
jarrah-marri forest: mallee heath.

PrBAg
(5,000 ha, 1%)

Granite outcrop.

PrPN
(4,000 ha, 1%)

Hills of granite with a fringe of sedimentary rocks; <60 m relief; rounded crests and
smooth gentle slopes; some granite. Gravelly yellow duplex soils, sands and laterite;
jarrah-marri-yate low forest.
Kent System

KePP
(5,000 ha, 1%)

Gently undulating plain with some swamps. Duplex sandy gravels, Grey deep sandy
duplexes with Wet and Semi-wet soils.

KeNYd
(4,500 ha, 1%)

Low relief (<20 m) valleys. Saline in some areas. Soils are formed in weathered
colluvium from gneiss.

KeCMw
(1,500 ha, <1%)

Areas of permanent and ephemeral lakes and swamps with lunettes. Wet soil and
semi-wet soil with saline wet soil and duplex sandy gravel.

KeNYu
(400 ha, <1%)

Low relief (<20 m) valleys. Saline in some areas. Soils are formed in weathered
colluvium from gneiss.

KeSC
(90 ha, <1%)

Narrow shallow drainage depressions; deeply weathered granite; deep sands, grey
shallow sandy duplex.

KeS6
(60 ha, <1%)

Narrow V-shaped valleys, in sedimentary rocks; <10 m relief. Sandy yellow duplex soils
on slopes; jarrah-marri low forest. Deep sands on narrow swampy floor; sedges and
reeds.
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Appendix 4 continued …
Upper Kalgan System
UkWPh
(11,000 ha, 3%)

Valley of the Upper Kalgan River cut 20-30 m into Pallinup Siltstone; grey deep sandy
duplex soils are common on slopes.

UkPN
(4,000 ha, 1%)

Hills of granite with a fringe of sedimentary rocks; <60m relief; rounded crests and
smooth gentle slopes; some granite. Gravelly yellow duplex soils, sands and laterite;
Jarrah-Marri-Yate low forest.

UkWPst
(3,000 ha, 1%)

Flat saline floor of valleys.

UkS6
(2,000 ha, <1%)

Narrow V-shaped valleys, in sedimentary rocks; <10 m relief. Sandy yellow duplex
soils on slopes; jarrah-marri low forest. Deep sands on narrow swampy floor; sedges
and reeds.

UkWPt
(1,000 ha, <1%)

Terraces.

UkBO
(580 ha, <1%)

Broad, shallow poorly drained depressions in plateau surface; complex of swamps,
lakes, low lateritic rises, lunettes and hummocks. Yellow solonetzic soils in swamps,
podzols in sands.
Jaffa System

Jf2
(5,000 ha, 1%)

Footslopes, gently undulating rises and undulating plains. Grey deep sandy duplex is
widespread with grey shallow sandy duplex and semi-wet soil.

Jf3
(3,000 ha, 1%)

Mid to upper slopes and hillcrest areas dominated by rock outcrop. Grey deep sandy
duplex, grey shallow loamy duplex, bare rock and shallow gravel are common.

Jf4
(830 ha, <1%)

Footslopes and drainage lines. Grey deep sandy duplex, semi-wet soil, grey shallow
sandy duplex and saline wet soil.
Torbay System

TbOW
(1,200 ha, <1%)

Plains with swamps, lunettes and dunes. Yellow solonetzic soils, organic loams and
diatomaceous earth; wattle-paperbark thickets, Teatree heath and reeds. Podzols on
dunes; banksia-sheoak woodland.

TbBWo
(230 ha, <1%)

Shallow gleyed duplex soils; paperbark woodland. Podzols on dunes; banksia-sheoak
woodland.

TbTR
(16 ha, <1%)

Flat-topped hills; <40 m relief; gently sloping flanks. Gravelly yellow duplex soils and
laterite on crests: jarrah-marri forest. Leached sands with iron pan on flanks; jarrahsheoak woodland.
Broke System

BrBWo
(720 ha, <1%)

Shallow gleyed duplex soils; paperbark woodland. Podzols on dunes; banksia-sheoak
woodland.

BrCOy
(41 ha, <1%)

Gravelly yellow duplex soils; Jarrah-Marri forest.

BrTR
(15 ha, <1%)

Flat topped hills; <40 m relief; gently sloping flanks. Gravelly yellow duplex soils and
laterite on crests: jarrah-marri forest. Leached sands with iron pan on flanks; jarrahsheoak woodland.
Meerup System

MeMRp
(300 ha, <1%)

Podzols over calcareous sand; banksia-bullich-yate woodland.

MeMRf
(13 ha, <1%)

Podzols on interdune plains; banksia-bullich-yate woodland.
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Appendix 4 continued …
Nullakai Dunes System
NkEN
(160 ha, <1%)

Broad ridges of limestone, often>100 m relief; undulating crests; steep scarps to
seaward; much limestone outcrop. Podzols and shallow brown sands; Peppermintbanksia scrub.
Dedatup System

Dd1
(100 ha, <1%)
Dd3
(4 ha, <1%)

Residual gravelly plains bordered by upper valley slopes and some breakaways. Mainly
sandy gravel soils.
Areas where soils are developing on shallow dolerite or gneiss and tend to be shallow
red loamy duplex, red clays.
Walpole Hills System

WhKYb
(74 ha, <1%)

Brown gravelly duplex soils and red or yellow earths; much laterite. Marri-karri-red
tingle-yellow tingle forest.
Yaraleena System

Ya1
(23 ha, <1%)

Upper slopes and crests. Soils formed in deeply weathered profile over granitic rocks.
Gravels are common.

Ya2
(21 ha, <1%)

Mid-slope positions. Soils formed in deeply weathered profile over granitic rocks.
Gravels common on upper slopes.
Kentdale System

KdTR
(21 ha, <1%)

Flat topped hills; <40 m relief; gently sloping flanks. Gravelly yellow duplex soils and
laterite on crests: Jarrah-marri forest. Leached sands with iron pan on flanks; JarrahSheoak woodland.
Mount Manypeaks System

MmGAs
(<1 ha, <1%)

Leached sands and podzols; mallee-heath.
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Appendix 5. Main vegetation associations, structure and plant species in
the Oyster Harbour Catchment
Associations and structure
x

Eucalyptus marginata mallee-heath and low woodland

x

E. pleurocarpa mallee-heath

x

Mountain scrub thicket

x

E. pleurocarpa mallee-heath

x

E. marginata low woodland

x

Heath

x

E. marginata mallee-heath

x

E. marginate-Corymbia calophylla medium woodland

x

E. marginata-C. calophylla-Allocasuarina woodland

x

E. marginata low forest

x

E. staeri mallee-heath

Narrikup

x

E. marginata-C. calophylla low-medium forest

Kendenup

x

E. marginata-C. calophylla medium woodland

Albany

x

E. marginata-E. decipiens- Allocasuarinal low forest

Stirling Range System

Qualup

Cape Riche

East Kalgan

Main species
x

Acacia browniana var. intermedia

x

E. talyuberlup

x

A. cyclops

x

E. tetragona

x

A. dictyoneura

x

E. uncinata

x

A. lasiocarpa var. sedifolia

x

E. wandoo

x

A. leioderma

x

Grevillea hookeriana

x

A. microbotrya

x

Hakea lissocarpha

x

A. myrtifolia

x

H. prostrata

x

A. saligna

x

Melaleuca brevifolia

x

A. triptycha

x

M. cuticularis

x

Allocasuarina fraseriana

x

M. densa

x

A. huegeliana

x

M. hamulosa

x

A. lehmanniana

x

M. lateriflora

x

A. trichodon

x

M. lateritia

x

Bossiaea linophylla

x

M. raphiophylla

x

Calothamnus quadrifidus

x

M. spathulata

x

Eucalyptus calophylla

x

M. thyiodes

x

E. cornuta

x

M. viminea

x

E. decipiens

x

M. violacea

x

E. occidentalis

x

M. acuminata

x

E. rudis

x

M. thymiodes

x

E. staeri

x

Viminaria juncea

x

E. marginata
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Appendix 6. Areas at risk of acid sulfate soils
High and moderate risk acid sulfate soils around harbour and the northern end of Princess
Royal Harbour, Albany
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